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Inol der persons, disability usually occurs first in mobility and sets a downward spiral of progressive disablement. 1 The incidence of mobility disability increases with increasing age even when not accompanied by overt comorbid conditions. 2 It is generally accepted that detecting mobility disability during an early or preclinical stage is likely an important opportunity for implementing preventative measures. 3 Mobility is defined as the ability to walk safely and independently in one's natural environment. 4 Although the ability to walk provides the basis of mobility, Bthe ability to walk[ and Bmobility[ are not synonymous. 5 The natural environment commonly imposes varied challenges while walking, for example, increasing walking speed when necessary, avoiding or stepping over obstacles, accommodating different kinds of surfaces, performing postural transitions, and other challenges. 6 The newer models of disability suggest that it is the inability to accommodate these environmental demands on mobility that leads to mobility disability. 4, 7 Commonly encountered environmental challenges necessitate precise adaptations of relevant gait parameters to accommodate the challenge and to maintain equilibrium and navigation, thus imposing significantly higher demands on dynamic postural control mechanisms compared with walking at a self-selected comfortable speed on a straight and uncluttered path. 8 Traditionally, however, mobility disability is ascertained as self-reported inability to walk a quarter of a mile without resting or inability to walk up a flight of stairs unsupported. 9, 10 The relationship between self-reported mobility disability and the actual ability to accommodate challenges while walking has not been examined. The objectives of this study were to identify baseline differences in the ability to complete adaptive locomotor tasks in middle-aged and older individuals with and without 3-yr incident mobility disability (IMD) and to get an insight whether the inability to perform a specific adaptive locomotor task is associated with self-reported IMD of more than 3 yrs.
METHODS

Participants
The InCHIANTI study is a population-based epidemiologic study conducted in the Chianti region of Italy to investigate age-related decline in mobility. The study design and the data collection have been described previously elsewhere. 11 The study protocol was approved by the ethical committee of the Italian National Institute of Research and Care of Aging and complies with the Declaration of Helsinki, and all participants signed an informed consent. The present study used the 2001Y2002 data of the middle-aged and older participants (age, 50Y85 yrs) as the baseline data because adaptive locomotor performance was systematically recorded in this wave. The participants who did not report mobility disability and completed a 7-m walk at a self-selected normal speed at baseline were included in the final analysis. Those with a MiniYMental State Examination 12 score of lower than 18 were excluded to ensure that the participants followed the instructions appropriately.
Outcome Measures
Mobility Disability
Mobility disability was defined as self-reported inability to walk a quarter of a mile without resting or inability to walk up a flight of stairs unsup-ported 9, 10 and was ascertained at baseline and at the 3-yr follow-up.
Adaptive Locomotor Tests
The starting location of the 7-m walking path was marked with a colored tape. The end of the path was not marked to prevent slowing in anticipation. The time to complete the walking test was recorded and then converted into walking speed (meters per second). Initially, the participants were asked to walk at their self-selected usual speed (normal speed).
For increasing demands while walking, the participants were asked to walk in the following four challenging conditions: (1) Fast walking: the participants walked as fast as possible. They failed the test if they could not increase the speed by at least 0.1 m/s compared with their normal walking speed. 13 (2) Obstacle crossing: the participants crossed over two obstacles placed in the path while walking as fast as possible. The obstacles were 6-cm and 30-cm tall and were positioned at 2 m and 4 m, respectively, from the starting line. They failed the test if they tripped on or touched the first obstacle or needed manual assistance for any reason. (3) Narrow-path walking: the participants walked at their usual pace but stayed between the lines of colored tape placed 25 cm apart. If they stepped on or outside the tape lines two or more times, a failure was recorded. (4) Walk and talk: the participants walked while simultaneously performing a verbal cognitive task (recite names of animals starting with a specific given letter). They were instructed to focus equally on the verbal and the locomotor task. A failure was recorded if the participant could not verbalize even one name.
Overall, the participant also failed the test if he/she could not successfully complete the trial, if it was perceived unsafe by the tester for the participant to perform, or if the participant refused to perform the walking trial. The participants performed each task only once to maintain novelty of each task and to simulate natural circumstances. Demographic variables included age, sex, and body mass index (BMI, kg/m 2 ).
Statistical Analysis
The baseline differences in the demographics between the participants who reported 3-yr IMD and those who did not report it were determined using a general linear model (for age and BMI) and W 2 analysis (for sex distribution). The baseline differences in the ability to complete each adaptive locomotor test between the participants who reported www.ajpmr.com
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3-yr IMD and those who did not report it were determined using W 2 test. Therefore, the dependent variable for these comparisons was the presence/ absence of IMD.
If the frequency distribution of the inability to perform the adaptive locomotor task was different (P G 0.1) in these two groups after adjusting for age and sex, a binary logistic regression analysis was performed to examine the likelihood of reporting 3-yr IMD for those who could not perform the task. These regression analyses were adjusted for age, sex, BMI, and normal walking speed. Finally, the cumulative risk of the inability to perform multiple adaptive locomotor tasks for future mobility disability was examined for those tasks that were significantly associated with IMD in individual regression analyses. Data were analyzed using IBM SPSS version 19. A P value of less than 0.05 was considered statistically significant.
RESULTS
A total of 611 participants were included in the final analysis (mean [SD] age, 71.5 [7.1] yrs; women, 53.6%). Four hundred thirty-seven participants successfully performed all four adaptive lo-comotor tasks, 131 participants could not perform one, 42 participants could not perform two, and 7 participants could not perform three adaptive locomotor tasks. None of the participants failed all four tasks. Seventy-nine participants reported 3-yr IMD. Those who reported IMD were significantly older (P G 0.001) and had a higher proportion of women (P = 0.001) compared with those who did not report IMD. The IMD group also had a significantly higher proportion of participants who failed the fast-walking, narrow-based walking, and obstacle-crossing tasks even after adjusting for age and sex. There was no difference in the proportion of participants who failed the walk-and-talk test ( Table 1) .
Failure in the fast-walking and narrow-based walking tests were each associated with approximately 2.5 times likelihood of reporting IMD (P = 0.009 and P = 0.011, respectively). Failure in the obstacle-crossing test was associated with approximately two times likelihood of reporting IMD; however, this result did not reach statistical significance (P = 0.077). Those who failed both the fast-walking and narrow-based walking tests were almost nine times as likely to report IMD compared with those who did not fail both of these tasks ( Table 2 ).
DISCUSSION
The finding demonstrated that the inability to accommodate certain challenges while walking is predictive of future self-reported mobility disability. In particular, the inability to increase walking speed on demand and the inability to accommodate constraints for maintaining stability in the mediolateral direction while walking significantly increased the possibility of reporting mobility disability in the future.
The authors' previous work has demonstrated that the ability to increase walking speed is associated with lower limb strength 14 to generate higher push-off forces. 15 One of the questions for ascertaining mobility disability inquired the ability to walk up the stairs without using support, which also demands generation of higher lower limb muscle forces to lift the body against gravity. 16 The other question for ascertaining mobility disability inquired about the ability to walk a quarter of a mile, for which the participants most likely visualized walking in their community. The ability to increase walking speed when needed is critical for safely and efficiently traversing in community environment (e.g., to cross streets, to avoid collisions with other individuals, etc.). Thus, the inability to increase walking speed on demand could significantly predict self-reported mobility disability in this study. Previous work has shown that fast walking speed is also able to predict cognitive decline in the future 17 and is able to extract important differences in postural control by stressing the postural control mechanisms. 18 In addition to generating higher forces, the ability to increase walking speed also depends on the ability to build forces at a higher rate in a precise sequentially alternating pattern inducing a neuromuscular challenge. It is known that the ability to manipulate muscle forces is reduced with increasing age, 19 possibly because of a decline in the precision of motor unit discharge. 20 Overall, the findings suggest that fast walking speed may be a critical performance parameter that should be recorded during geriatric assessment.
The ability to perform narrow-base walking is particularly associated with lower limb coordination, 14 possibly because the task demands precise foot placement. Older individuals are known to adopt a conservative strategy of wider step width while walking, 21 possibly to compensate for worsening postural control in the frontal plane. It is known that the stability in the frontal plane while walking is under active neural control 22 and depends on the ability to maintain the line of the center of gravity medial to the supporting foot, 23 for which active adjustment of lateral foot placement is pertinent. Limiting the possibilities for foot placement in the lateral direction may impose a significant challenge. Therefore, it is not surprising that the ability to perform this task was able to predict mobility disability that was ascertained by the ability to walk upstairs without help and to walk in a possibly complex community environment. Narrowbased walking has been previously suggested as a possible clinical tool for measuring physical function in high-functioning older adults because it imposes higher challenges for maintaining stability. 24, 25 The findings of this study provide the evidence for its utility as a tool that can be used to identify older persons who are highly likely to report mobility disability in the near future.
There was a multiplicative cumulative effect on the likelihood of reporting mobility disability at 3 yrs for those who failed in the fast-walking as well as narrow-base walking tasks. Because mobility disability is the initial stage in the downward spiral of disability, 1 identifying older persons in the preclinical stage of mobility disability could be vital. The inability to perform adaptive locomotor tasks in persons without disability may indicate impairments that have only a mild impact on functional ability that individuals may not recognize as frank disability 26 and may provide an opportunity for implementing preventative measures.
Failure in the obstacle-crossing task was only marginally associated with the risk for future mobility disability. When included in the cumulative risk analysis, it did not significantly change the outcome (data not shown). These findings suggest that, although safely stepping over smaller obstacles without tripping may be important for safe mobility, the performance on this task did not provide additional information for predicting IMD. Surprisingly, failure in the walk-and-talk test, which is associated with increased fall risk, 27 was not associated with IMD for this population. However, it is possible that the inability to simultaneously attend to a cognitive task while walking can be predictive of mobility disability for individuals living in busier metro city environments.
The first limitation of this study is that the study population was homogenously white and lived in relatively smaller cities. It may not represent multiracial elderly population living in highly busy metropolitan areas. In addition, only one challenge at a time was imposed while walking.
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In reality, particularly in busy environments, individuals may need to accommodate more than one challenge while walking. It is also acknowledged that subjective measures assess an individual's perceived ability rather than the actual ability. However, it is suggested that these reflect actual performance and also correlate well with underlying physiologic measures such as strength, lower limb somatosensory functions, and other measures and are the key measures in many clinical trials of various populations. Further, disability is commonly identified using a self-report (e.g., activities of daily living, instrumental activities of daily living, or advance activities of daily living disability). To feel confident about the participants' responses and to minimize errors, the authors used the MiniYMental State Examination cutoff point as an exclusion criterion. When the MiniYMental State Examination cutoff point was raised to 24 to confirm the results of this study, the overall results did not change. Nonetheless, the lack of availability of objective measures of mobility disability strongly warrants the development of objective measures. In conclusion, the inability to perform certain adaptive locomotor tasks can predict mobility disability in the near future. Failure on more than one such task may significantly increase the likelihood of mobility disability. Recording fast walking speed may be helpful in monitoring physical and cognitive health, particularly in older persons.
